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ABSTRACT: This research paper discusses the attention 
that biodiesel has received in recent years. Biodiesel is a 
renewable and toxic free form of fuel and when 
combusted it emits minimum gaseous air pollutants when 
compared to fossil fuel. When used in diesel engines can 
also work very well without extra modifications. 
Transesterification is the most common method of 
biodiesel production. The microalgae oil is trans-
esterified in the presence of alcohol and a catalyst to 
obtain Fatty Acid Methyl Esters (Fame) or Fat ty Acid 
Ethyl Ester (FAEE) and glycerine. 
Microalgae are used as a biofuel source and quite 
attractive because of its ability to photosynthesise the 
energy from the sun and turn it into renewable energy. 
Microalgae, grows almost in any environment and has a 
very fast growth rate, in turn, having high lipid content. 
They also fixate CO2 in the process of photosynthesis and 
they do so better than other agricultural crops. Carbon 
fixation helps in the reduction of greenhouse gas 
emissions. 
The report investigates the insitu transesterification 
process as a means of efficiently producing biodiesel 
from microalgae. Insitu trans-esterification is a single 
step method of processing microalgae which does not 
require the extraction of the lipids before trans-
esterification, thereby saving time energy and waste. 
Key words: Microalgae, Transesterification, 
Biodiesel, FAME, FAEE 
1.0 INTRODUCTION  
Global energy demand has been increasing rapidly 
as the world becomes more populated, industrial, 
and advanced in technology and economically 
growing (Pittman et al, 2011). This has prompted 
many nations to seek alternative sources of energy 
are required not only to be efficient but also to have 
very minimal effect in greenhouse gas emissions 
due to the unprecedented threat of global warming, 
health and environmental issues, associated with 
the burning of fossil fuels. Alternative and 
sustainable sources of energy have been researched 
and these include wind turbines, solar power, 
hydropower, geothermal energy and biomass. 
(Panwar et al, 2011). The increasing use of biofuels 
as alternative source of energy can potentially meet 
a great fraction of these demands due to its carbon 
neutral life cycle (Yuan 2011). 
There has been increasing interest in the use of 
microalgae as a feedstock in the production of 
biofuel (biodiesel, bio-hydrogen, bioethanol) 
because of its high capability to fixate carbon 
dioxide as well as its rapid growth under intensive 
culture in small areas (Yuan 2011) 
Microalgae are microorganisms (either prokaryotic 
or eukaryotic), which are capable of accumulating 
biomass after photosynthesis due to the influence 
of the sum, water and carbon dioxide. Micro-phytic 
algae (Microalgae survive in various ecosystems. 
They can be found in environments of the earth 
including water. There are close to 50,000 species 
of microalgae but only approximately about 30,000 
of these species have been studied (Varfolomeev 
and Wassermanb 2011). 
Microalgae are very effective in their conversion of 
solar power. They have clear stages of CO2 
minimisation to power consuming biomolecules 
which include carbohydrates, lipids, proteins and 
triglycerides (Varfolomeev and Wassermanb 
2011). 
Presently, there has been great emphasis on 
biotechnological researches which look into the 
cultivation and utilization of microalgae and their 
derivate. Microalgae in a long while have been 
used as nutritional supplement and Japan being the 
first country to have put it into commercial practice 
since the 1960’s (Borowitzka 1999). Many 
products can be derived from microalgae including; 
biofuels, antioxidants, fodder additives, food 
supplements, unsaturated fatty acids, dyes and 
polysaccharides. These products have different 
industrial utilizations (Metting and Payne 1996). 
The different biotechnological methods of 
production of biofuel with the use of microalgae 
were made move intense due to the energy crisis in 
the 1970’s (Pulz et al, 1998). This is as a result of 
the energy from the sun via photosynthesis 
converted biotechnologically into gas or liquid fuel 
thereby increasing twice as much for every 2-
4years that passes (Varfolomeev and Wassermanb 
2011). Biodiesel can be produced from microalgae 
lipids and bio-methane also from the anaerobic 
fission the biomss (Varfolomeev and Wassermanb 
2011) 
Studies have shown that microalgae have 
advantages over crops in being used as a biomass 
source. 
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 The cultivation of microalgae does not require the use of 
pesticides and herbicides. 
 Microalgae can be cultured very easily on a non-arable 
land, brackish water and in sea water there is no 
competition in resources with traditional agriculture. 
 The turn solar energy into chemical energy, via 
photosynthesis and use it to reproduce themselves, 
thereby completing a total cycle of growth in few days. 
 Oil that microalgae yields per area of culture can exceed 
that which is produced from the best oil seed crop. 
 There is difficulty in the maintenance of selected 
species in outdoors cultivation systems. 
 The harvesting of microalgae is a bit cost 
effective. 
 The production of microalgae is generally cost 
effective when compared to growing crops. 
 The culture system in large scale can be affected 
by contaminants like microorganisms and 
unwanted algae (Alcain 2010). 
Generally microalgae accumulates biomass b the use of technically available CO2 which is emitted when firing, 
meaning that it does not need extra cost for its growth. 
The purpose of this research paper is to investigate the insitu transesterification of microalgae and a lso to 
investigate the potential of these methods to produce high quality biodiesel.  
The research project carried out was meant to achieve:- 
 To investigate the in-situ trans-esterification of lipids from microalgae. 
 Analysis of the corresponding fatty acid alkyl esters (FAME) 
 Investigate the influence of organic solvents and its effect on microalgae with different biochemical 
content. 
 Determination of yields of oil, conversion rate and comparison of the products forms. 
 To determine the properties of the solvent such as its hydrogen transfer capacity. 
 Comparison of fossil diesel with the produced diesel. 
2.0  MATERIALS AND METHODS 
The experimental procedure for this research work will be explained. Fig 3.1 below shows the basic various 
steps that were taken to actualise the results and discussion. It will explain how the microalgae sample moved 
from the test tube to addition of reagents before microwaving, centrifugation, filtration and final undergoing 
analysis in the gas chromatograph/mass spectrometry machine. 
 
Fig 3.1 Flow Chart showing the various stages of experimental procedure 
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Fig 3.2 Samples of Microalgae used in the research 
project. (Chlorella and Denso) 
Two different microalgae species were used in this 
research project and they are Chorella and Denso. 
The reagents used include: methanol and ethanol, 
H2SO4, hexane (HPLC grade), water and 
dichloromethane. The materials used include: clean 
beakers, pipette, centrifuge tubes, separation 
funnels, filter papers, test tubes, virals and silicon 
(Si) filter syringes. Equipment used include: digital 
analytical balance, microwave, centrifuge and 
GCMS equipment for the analysis. 
2.1 EXPERIMENTAL PROCEDURE 
The clean empty test tubes were initially weighed 
in a digital analytical weighing balance before the 
microalgae samples were added. The tube was 
weighed again, this time, with the microalgae 
sample in it. This was done to know the exact 
amount of microalgae that was sampled. The 
sample that was put in the tube was approximately 
1g each 0.25ml of H2SO4 was added to 250ml of 
MeOH to obtain a correct mole ratio of 
solvent/catalyst mixture to be used in the 
experiment. 1ml of MeOH + H2SO4 (EtOH + 
H2SO4 in the case where ethanol was used as a 
solvent) was added 5 times to each of the samples 
giving a total of 5ml addition of solvents plus 
catalyst. Some samples also had 10ml of solvent 
and catalyst added before trans-esterifying it. 
The Chorella and Denso samples were run at 
different conditions in the microwave and while 
some were in duplicates, some were also run in 
triplicates with different volumes of solvent and 
catalyst added to it, and there was also difference in 
microwave temperature. Fig 3.3 shows the 
microwave and how the samples triplicate were 
loaded for the insitu trans-esterification process. 
 
Fig 3.3 Microalgae about to be trans -esterified in 
the Microwave  
The samples were trans-esterified in batches in the 
microwave. Care was taken not to mix up the 
batches together. Single triplicates and duplicates 
were microwaved individually. The microwave 
was run in three different stages. It ramped for 
3minutes, heated the sample for 10minutes before 
cooling for another 10minutes.  
2.2 CENTRIFUGATION  
After transesterification in the microwave, a lipid 
extraction took place. 6ml of hexane was added to 
the already trans-esterified samples, and then 
another 6ml of water was added. The hexane was 
used to extract the FAME/FAEE and also served 
the purpose of rinsing the trans -esterified mixture 
in the test tube into a fresh centrifuge tube, and also 
to get as much of the sample as possible, as shown 
in fig 3.4, thereby preparing the sample for 
centrifugation. 
 
Fig 3.4 Showing glass test tubes with sample 
residues in it. 
The samples were then put in the centrifuge 
machine as seen in fig 3.5, to run for 10minutes at 
4000rpm.  
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Fig 3.5 Samples loaded in the Centrifuge apparatus 
After running the samples in the centrifuge, the 
samples were removed and it was noticed that the 
sample composition was split into three phases, 
with the solid biomass residue below, then the 
water in the middle and the FAME (FAEE)/hexane 
above the water phase as shown in fig 3.6 below.  
 
Fig 3.6 Shows the different phases of the mixture 
after centrifugation 
A pipette was used to extract the 
FAME(FAEE)/hexane into a freshly weighted 
centrifuge tube. The tube was initially weighed 
empty, to determine the quantity of FAME yield 
left after the drying of the hexane.   
2.3 FILTRATION   
The hexane/FAME(FAEE) was filtered both with 
filter paper and a silica syringe filter as shown in 
fig 3.7. This was done to remove any form of 
residues left in the FAME(FAEE)/hexane. The 
FAME (FAEE)/hexane was left to evaporate 
completely. A picture of the dry yield is shown in 
fig 3.8. 
 
Fig 3.7 Silica Filter Syringes and Filter Paper used 
for filtration 
 
Fig 3.8 FAME/FAEE after evaporation of Hexane 
After the evaporation of the hexane, the 
FAME/FAEE in the tube was weighed to know the 
final yield weight. After weighing the sample, 
Dichloromethane was added to dilute and dissolve 
the dry sample in preparation for GC-MS analysis 
as shown in fig 3.9.  
 
Fig 3.9 Showing FAME and FAEE ready for GC-
MS analysis 
2.4 CLEAN UP – METHOD USED WITH 
CLEAN UP  
A remedial clean-up was performed on the Silica 
filter syringe to extract the residues of the filtered 
FAME/FAEE. This was done by passing 5mls of 
DCM through it. 
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Fig 3.10 Si filter syringe 
After filtration, using the Si filter syringe, the Si 
column of the syringe had particles of chlorophyll 
and other residues left on it which may have 
affected the results of the FAME/FAEE analysis 
process. A ’clean-up’ was required to investigate 
the effects of the Si syringe on the FAME/FAEE. 
The clean-up process required the use of solvents. 
In the initial experiment, hexane was used to pass 
through the Si column but then, it had residues on 
it. In the new clean-up process, 5mls of 
dichloromethane (DCl) was passed through the Si 
Column. 
3.0 SAMPLE ANALYSIS  
The samples were analysed using the Gas 
Chromatography/Mass Spectrometry (GC-MS) 
apparatus. The GC-MS is one of the most common 
techniques used in analysis for the identification 
and quantification of substances that are organic, in 
complex structures. The GC-MS is a combination 
of two potent micro-analytical techniques as shown 
in fig 3.10. The GC-MS in time, separates the 
various constituents of the mixture being analys ed, 
however, the mass spectrometer gives the 
information which assists in the identification of 
the different components in a structural manner. 
The advantages of the GC-MS method of analysis 
include; a) Separation of the components of a 
complex mixture which will aid in obtaining the 
mass spectra of each of the compounds for the 
purpose of qualitative analysis. b) Provision of 
quantitative information relating to the same 
compounds. (Sparkman et al, 2011)  
 
Fig 3.11 Show a complete system of a GC-MS apparatus  
The FAME/FAEE was left to run on the GC-MS apparatus. The results will be discussed in the next chapter.  
  
Fig 3.12 Arrangement of Samples on the GC-MS  
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4.0 RESULTS AND DISCUSSION  
Table 4.1 Showing the Oil yield results using methanol as solvent  
 Microalgae Results from experiments  
   Chlorella   Denso  
   Temperature (
o
C)   Temperature (
o
C)  
MeOH Vol.   80  100  120  80  100  120  
   Oil yield (%)    Oil yield (%)   
5ml  10.54  12.6  9.56  10.71  -  -  
                     
10ml  7.01  -  -  18.67  -  -  
                     
20ml   -  -  -  15.05  20.67  27.53  
  
In table 4.1 above, it shows that for Chlorella at 80
o
C and methanol volume of 5ml, the oil yield produced is 
10.54%. Although with an increase in to 100
o
C, the oil yield produced is 12.6%. Consequently, with an increase 
in temperature to 120
o
C, the oil yield produced reduced to 9.56%. This is graphically represented in fig 4.0 
below.  
 
Fig 4.0 Showing effects of temperature on oil yield (wt%) of Chlorella  
Miao and Wu (2006), in their experiment found 
that there were similar yields of biodiesel of 56 and 





C, using H2SO4 as catalyst. When this 
experiment was repeated at 90
o
C, there was a 
reduction in biodiesel yield to about 38%.   
From the experimental results, it can be 
emphasized that with increase in temperature, the 
Chlorella reduced its oil yield. From Chapter 2 
(literature review), it seems reaction time has more 
effect on production of biodiesel through 
transesterification than temperature, except the 
temperature is quite high.  
Moreover, at a temperature of 80
o
C, for the 
Chlorella, the results of the experiment showed 
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yield of 7.01%. This reduction in oil yield could be 
as a result of the Chlorella cell wall being too 
strong and since there was more methanol volume, 
hence leading to a longer reaction-rate time.  
For Denso microalgae, the results of the 
experiment in table 4.0 show that, there is a steady 
increase in oil yield as temperature rises at 20ml 
methanol volume. At a temperature of 80
o
C, the oil 
yield shows to be 15.05%, and at 100
o
C, the oil 
yield shows to be 20.67, while at 120
o
C, the oil 
yield shows to be 27.53. This shows that with 
steady increase in temperature, more oil yield is 
expected from Denso as seen in the graph in fig 4.1 
below. This could also be attributed the fact that 
Denso microalgae has a weaker cell wall structure 
thereby requiring less reaction time.  
 
Fig 4.1 Showing the effect of temperature on oil yield (wt%) of Denso  
Below is a table 4.2 showing result of Chlorella trans-esterified in ethanol, using H2SO4 as a catalyst. The 
ethanol results were not accurate probably due to experimental errors. Table 4.2 showing results from Chlorella 
  




  80  100  
  Oil yield %  
5ml  5.55  9.25  
 
4.1 INSITU TRANSESTERIFICAION OF 
MICROALGAE  
4.1.1 Effect of Solvent  
Methanol plays a general role of both an extract ant 
and reactant in the in situ transesterification 
process. It was seen in the experiments that it was a 
poor solvent when used for oil reaction as seen by 
(Li et al, 2011). These poor extraction 
characteristics could cause the conversion 
efficiency of the microalgae to biodiesel through 
trans-esterification process to be reduced. This is 
the reason why another solvent, n-hexane, was 
added to the in situ transesterification of 
microalgae process as suggested by Li et al., 
(2011). The solvent n-hexane is widely used as a 
solvent for oil extraction. The reaction was 








respectively, 5ml of methanol and  
0.1ml of sulphuric acid (catalyst). The solvent 
volume was set differently at 5ml, 10ml and 20ml 
respectively. Effects of the n-hexane on biodiesel 
and FAME characteristics are shown in table 4.0. 
The FAME produced using hexane on Chlorella 
was dark with residues unlike that of Denso which 
was light brown with little or no residues. Li et al., 
reported that the sulfons formed form sulphuric 
acid and the oxidation of fatty acid during the 
transesterification process were responsible for the 
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formation for the residues. Also in the report by Li 
et al., it was stated that products that were dark had 
the tendency to have lower cetane numbers, which 
also represented lower efficiency and power take 
off of biodiesel. Engine life span was also lowered 
due to the additional residue. However, with the 
information that nonpolar solvents were better in 
insitu trans-esterification reactions when compared 
to polar solvents 5ml of n-hexane was used for all 
the experiments.  
4.1.2 The Effects of Ethanol/Methanol  
The volume of ethanol/methanol in an in situ trans-
esterification reaction is very important as it 
determines the quantity and quality of the biodiesel 
that is produced. As suggested by different papers, 
it is very necessary to use a good quantity of 
methanol/ethanol in the production of biodiesel 
through in-situ transesterification. To find out the 
volume which was going to suit production of 
biodiesel using the in-situ transesterification 
method, a series of methanol/ethanol volumes (5, 
10, 20ml),1g of dry microalgae powder, 0.1ml of 








considered. This reaction was let to run in the 
microwave for 10mins.   
4.2 FAME ANALYSIS   
The figure below shows a standard composition of 
diesel. The FAME produced from the in situ 
transesterification process should possess at least, 
one of these components.  
Abundance 
                                                              
 
Time--> 
Peak  Ret time               FAME  
1 14.8  Octanoic acid, methyl ester  
2 20.0  Decanoic acid, methyl ester  
3 25.3  Dodecanoic acid, methyl ester  
4 30.6  Methyl tetradecanoate  
5 35.5  9-Hexadecenoic acid, methyl ester, (Z)-  
6 35.7  Hexadecanoic acid, methyl ester  
 
Peak Ret time                            FAME  
8 40.3  9,12-Octadecadienoic acid (Z,Z)-, methyl ester  
9 40.5  Octadecanoic acid, methyl ester  
10 40.7  9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)-  
11 44.9  Eicosanoic acid, methyl ester  
12 48.8  13-Docosenoic acid, methyl ester, (Z)-  
13 49.0  Docosanoic acid, methyl ester  
14 53.3  Tetracosanoic acid, methyl ester  
          7                 40.2 8-Octadecenoic acid, methyl ester  
Fig 4.2 Showing Standard FAME composition.  
Below is a chromatogram of Denso microalgae after analysis with the mass spectrometry that was attached to 
the gas chromatography equipment. It can be seen in the chromatogram that there were yields of FAME which 
are contained in fossil diesel, that are in the FAME that was extracted from the Denso. The three different 
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FAMEs that were produced from the Denso were Hexa-decanoic acid methyl ester, Octa-decnoic acid methyl 
ester and Octa-decdienoic acid methyl ester.  
o Denso 5ml at 80  
Abundance 
 
26.00 28.0030.0032.0034.0036.0038.00 40.0042.0044.0046.0048.00 
 Time-->   
Fig 4.3 Chromatogram showing Biodiesel FAME from Denso  
4.3 SIZE EXCLUS ION 
CHROMATOGRAPHY  
This is a method used to separate component of a 
compound based on their different molecular 
weights. The reason for using the size exclusion 
chromatography was to find out the different 
constituents in the FAME, also to find out if there 
was a total reaction. The samples that were used in 
the GCMS were left for the evaporation of the 
DCM. After the evaporation, 5mls of Tetra-
hydrofuran (THF) was added to it before it was put 
into the SEM column and allowed to run.  
The result for the size exclusion chromatography 
for Denso is shown below in fig 4.4. There are two 
peaks. The smaller peak represents the FAME and 
the longer peak represents the triglycerides. This 
indicates that the in situ trans-esterification process 
was not complete. This could have been due to the 




Fig 4.4 Showing Size exclusion result for Denso 
  
 
FAME   
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In the result for the Chlorella sample, the chromatogram in fig 4.4, was seen to be showing the triglycerides. 
However there was no FAME, which could be due to the cell walls of the Chlorella being strong a nd thereby 
slowing down the reaction.  
   Triglyceride  
 
  
Fig 4.4 Showing Size exclusion result for Chlorella  
5.0 CONCLUSION   
There are different feed stocks used for the 
production of biodiesel. These include waste 
cooking oils, animal fats and plant oils. Biodiesel 
produced from this feedstock are suitable and can 
be used to run diesel engines after blending both 
together. There has been yearly increase in demand 
for the production of biodiesel and this has 
compromised food crops, which has led to the 
commercial use of microalgae  
The availability of microalgae can be very 
beneficial to the environment due to the high 
amount of Co2. Microalgae cultivation has CO2 
conversion and this is used in the production of 
chemical compounds and energy.  
Microalgae produced oil has numerous advantages 
over that produced from other crops.  It can grow 
on land that is used for agricultural purposes, waste 
water, fresh water and sea. Microalgae can mitigate 
carbon dioxide and also are more productive than 
other crop plants. To achieve an economic 
performance which is sustainable, the algal oil lipid 
content needs to be high. Enhancement of lipid  
content of microalgae is typically achieved by 
nutrient deficiency (especially phosphorus and 
nitrogen). Harvesting of microalgae biomass 
remains very expensive and tedious when produced 
industrially because of the low cell density which 
microalgae possesses. Due to these reasons, it is 
very important then to choose an alga that has 
properties which make harvesting simple. 
Extraction of oil from microalgae also is a very 
expensive process and this determines the algae 
based biodiesel sustainability. Transesterification is 
the reaction that produces biodiesel from 
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and a catalyst (H2SO4) to produce glycerine and 
methyl esters.  
Acid is used because of the acids present in the 
algal oil fatty acids.  
Parameters that affect formation of methyl esters 
include reaction time and temperature, the quantity 
of catalyst, the quantity of alcohol, the quantity of 
water and the content of free fatty acids.  
Production of biodiesel from microalgae needs 
improvement to be able to compete with the 
conventional crude-diesel fuels. 
5.1 RECOMMENDATION  
1. Performing more experiments using 
ethanol as solvent at different volumes 
and temperature for Denso and 
Chlorella.  
2. Run more experiments for Chlorella 
using 10mls of methanol at 100oC and 
120oC, 20 ml at 80oC, 1000C and 120oC.  
3. Run experiments for Denso using 5ml at 
100oC and 120oC, 10ml at 100oC and 
120oC using MeOH and EtOH separately 
as solvents.  
4. Further research can be conducted 
using SEM/EDX analysis to characterise 
the different algae strains (in this case, 
Denso and Chlorella)  
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